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By John E. Douglas and Irving R. Schwartz 

As part of an investigation to increase the power output of 
the V-1710-93 engine at altitude, the engine-stage supercharger 
was combined with a constant-area vaneless diffuser designed to 
improve the performance of the engtie-stage supercharger at tne 
rated engine operating pint. The prformance of the modified 
supercharger was investigated Fn a variable-component supercharger 
test rig and compared tith that of the standard supercharger with 
an 8-vaned diffuser. A separate evaluation of the component effi- 
ciencies and a study of the flow characteristics of the mod?'.fT.sd 
supercharger were ma&e possible by internal diffuser instrumentation. 

At the.volume flow required by the engine for rated operating 
conditions, the mcd:fied supercharger increased the over-all adia- 
batic efficiency 0.05 and the over-all pressure coefffcient 0,035, 
Furthermore, the capacity of the engine-stage supercharger was 
increased by replacWg the standard 8-vaned diffuser with the 
vaneless diffuser. The peak over-all adiabatic efficiency for the 
modified supercharger, however, was 0.05 to 0.07 lower than that 
of the standard unit over the r?w of tip speeds investigated. 
The improved yftrformsnce of the modified supercharger at rated 
engine operating cotitions resulted from a shfft of tha point of 
peak adiabatic efffcfency and pressure coefficient of the standard 
supercharger to a higher volume flow, 

The energy loss through the vaneless diffuser was found to 
be small. Because of the restricted diffuser diameter, however, 
diffusion was inadequate, whfch resulted in a relatively mil 
static-pressure rise through the diffuser, high diffuser-exit 
velocities, and excessive collector-case losses. 
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INTRODUCTION 

An investigation to improTe the altitude porformanco of the L . 
V-1710-93 engine was conducted at the NACA C.leveland laboratory. 
Full-scsle tests of the engrne (reference 1) and component to&e of 
the engine-stage supercharger (reference 2) indicated that the 
volume flow of charge air required at rated engine conditione wan 
(peter t%n the vol~ga flaw at which peak supertihtiger adiabatic 
efficiency and pres,zure ratio oc&rred. Becatiiie the prformanee 
beyond the point of peak conditiono rapidly bectiasad as the volume 
flow increased, the engine-&ago eupercbarger usually operated at 
lesa than peak efficiency when in use with the V-1710-93 engine. 
In order to increaee the supercharger perfoimanoe at'the high 
lrolume flows required for the engine, the standxd E-vaned diffuser 
wae replaced by a constant-area ~eneleke diffticr of the same outer 
diameter. The outer diameters of both. dif'fusern were tie 8ame in 
order tbat the vane&se diffuser could be directly bub&,ituted for 
the 8-vaned diffueer in tL;e standard supercharger installation. 
Tha modified supercharger wag &ted in a varfab1a-component' super- 
charger test rig and internal-pi*eesu.re measurement8 were made in 
addition to the ucrual over-ail maaauremente in order to escortain 
the performance of the supercha%ger.&omponents and the flow char- 
actorlstloa through the modified unit. 
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The adiabatic efficiencies for the impelle.r, for the impeller 
xxi vaneless-diffuser cm.bination, and for the complete modified 
supercharger including the collector are pr%de-nted. The over-all 
performance of the modified supercharger ie.compnred~with that of 
the standard unit. The effect of internal instrumentation on over- 
all performance and the flow characteristic8 through the 3,mpellor 
and diffueer are discussed, 

L1 

- . 

APPARATUS AND INSTR~ENTATION 

A drawing of the V-1710-93 engine-stage impeller with. the 
con&ant-area vanelees diffuser is shown in figure 1. T'Se impeller 
and utandard 8-vaned diffuser are described in reference 2. The 
modified supercharger wae provided with an axial fillet having a 
circular croaB section 5.54 inches in diameter. The vanelozs dif- 
fuser was machined fram an alumina-alloy casting and had an outer 
diameter of 14.5 fncbea. The diffuser was designed to provide a 
constant passage area equal to the impeller-exit area at all radii. 

The impeller was driven by a lCOO-horse-wwer constant-speed 
induction motor with a variable-speed magnetic clutch. Two gear 
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boxes with au over-all step-up gear ratio of 21.03:1 were used to 
obtain high rotational speeds. The speed was measured tith an suto- 
matic counter and frequently checked tith. a strobosco-pe. 

The air flow and pressure ratio were regulated by motor-driven 
butterfly throttle valves in t'ae inlet and outlet ducts. Low over- 
all pressure ratios (of the order of unity) were obtalned by an 
evacuated exhaust system. The weight flow through the un.It was 
measured with a flat-plate orifice at the inlet to the depresoion 
tank and the over-all pressure and temperature measurements were 
-made according to the recommendations in reference 3, Air pressures 
were indicated by mercury and alcoholmanometere and the tsmpera- 
tures were measured with shielded Iron-constantan t'iiermocou?les. 
The collector case and ducting were insulated to minimize heat 
transfer. 

Static pressure was measured aLon4 the impeller front shroud 
and throughout the diffuser by a aeriea of wall static-pressure 
taps. A two-holed c;ylindrical yaw tube was used to survey the 
total pressure at the impeller exit; the tube was rotated to read 
maximum pressure at each survey station. A fixed five-tube 
shielded total-pressure r&e was used to measure the total pres- 
sure at the diffuser exit. (See fig. 1.) Calibration of the rake 
showed that it would measure true total pressure w'lthin 0.5 percent 
of the dynamic pressure up to sn angle of 440 to the direction of 
flow. The diffuser-passage tidth at a station one-fourth inch 
beyond the impeller exit and at the diffuser exit was divided into 
five equal parts and the total pressure was measured at the center 
of these parts. 

PROCEDURE AND CALcXIMTIONS 

The performance of the modffied supercharger was tivestigsted 
in a variable-component superchar@;er test rig at constant actual 
impeller tip speeds of 900, 1000, 1100, and 1200 feet per second, 
the same actual tip speeds at whfch the supercharger had been Ron 
(reference 2). These actual tip 8peeds correspond approximately 
to the equivalent tip speeds of 87G, 972, 1068, and 1169 feet per 
second (reference 4). Because internal diffuser Lnstrumentatfon 
was used during this Investigation, w additional TUII at an equiv- 
alent tip speed of 1169 feet per second was made ?lth the diffuser 
instruments removed to determine their effect on supercharger 
performance. 

For all runs, the air flow was varied from a maxImum (at a 
pressure ratio near unity) to the surge point. The inlet static 
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pressure was held constant at 22 kO.1 inches of mercury absolute as 
in the tests of the standard unit (reference 2). Ambient air, 
varying from 72O to 91° F, was used throughout*he inv.estigation; 
the inlet-air temperature during each run, however, varied W.-kin 
20.5' F. 

The calculations and the graphical presentation of results 
were made in accordance with the recommendations of references 3 
and 4. The efficiencies from the inlet.moasuri-n& station to the 
impeller and diffuser exits were calculated by the method given in 
reference 2. 

IIFSULTS AND DISCUSSION 

Comparison of Over-all Performonce 

An investigation of a full-scale T6-1713-93 eq-@e (reference 1) 
showed that when tlze engine was,operatod at th.e.-rated speed of 
3000 r-pm, the load coefficient of the engine-stage supercharger was 
approximately 0.11 for ail simulated altitude conditions and 
auxiliary-stage auprcharger wller tip s$eeds.- This operating 
point approximately corresponds to an equivalent volume flow of 
2510 cubic feet per minute at an equivalent impeller tip epeed of 
972 feet per second. 

A comparison between the performance of the superchargers with 
the vanelees diffuser and with the standard &va.nsd diffuser with 
internal instrumentation is ;?reaented in tigurs 2. At the operating 
point of the standard engine-stage su?roharger for-rated engine 
conditions, indicated in figure 2(a) for an equivaient tip speed of 
972 feet per second, the adiabatic efficiency and the prossuro 
coefficient for the modified supercharger are 0.05 and 0.035 higher, 
respectively, than those of the standard unit. Furthermore, the 
.performance of the stendsrd supercharger rapzdly decreases with 
only a small increase in flow beyond 251Q cubic feet per-minute; 
whereae an equivalent volume flow of 2510 cubic feet $er "minute for 
the modified unit falls approximately at the point of leak perform- 
ante and on a much flatter portion of the curve. Per~omanco in .--. this region was therefore only slightly~affecfed by small changes 
in volume flow. This improved performance of the engine-stage 
impeller when combined with the vaneleas diffuser .would effect an 
increase of the power output of'the V-1710-93 engine-at the rated 
operating point. Because the rapid fall in efficiency of tke ..A 

. 
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standard aqercharger is not cawed by the impeller, a similar 
significant improvement of the performance of the suprcharger in 
the engine would.resu1-t from the use o f a stitably redesigned vaned 
dt-f8user. 

T'ne over-all performance of the cupercbargers is compared at 
high equivalent tip speeds with internal diffuser instrumentation 
in figures 2(b) and 2(c). The geak over-all adiabatic efficiency 
of the modified eugerchartier i8 lower than that of the standard 
supercharger, the difference increasing fron 0.05 at en eqtivalent 
tip speed of 972 feet per eecond to 0.07 at 1169 feet per second. 
The ~ea.k pressure coeff'iciente of the modified unit are 1ikewLse 
lowers the difference varying fram 0.09 to 0.11 over the came 
range of tip speeda. 

Removal of the internal diffuser illatruments from the modi- 
fied supercharger increasea the peak over-all adiabatic officfency 
and pressure coefficient a,gproximately 0.02 at an eqtivalent tip 
speed of 1169 feet per second (figa. X(c) and 3). According to 
the reoulte of reference 2, the detrimental effects of such 
internal instruments are practically independent of tip speed. 

The capacity of the modified supercharger was appreciably 
higher than that of the standard tit, the greatest difference 
occurring at the lowest equivalent tiR speed, The standard suwr- 
charger operated at eubstantially lower flows before s-ur@.ng than 
did the modified unit, especially at the high tip epeods, poeaibly 
because of the occurrence of flow separation at higher volume 
flows in the vaneleas diffuser than in the standard 8-vaned 
diffuser. 

Component Rerformance of Modified Supercharger 

Component efficiencies. - The component adiabatic efficiencies 
of the modified supercharger from the -let-duct measurin;; station 
to the imRellor exit and to the b-lffuser exit (fig. 4) were calcu- 
lated from a ma8s-flow-weighted average of the measured total 
pre88ures. The m3xQmm1 efficfency to the impeller etit (immller 
efficiency) and the maximum efficiency to Me diffuser exPt 
(efficiency of the impeller-diffuser combination excluding 
collector losses) are apJ?l‘oximatelg C?,84 and 0.82, respectively, 
at an equivalent tip ageed of 678 feet per second. The maximum 
over-all efficiency, which includes collector-case 108888, is 0.62 
at the same equivalent tiR speed. Al1 three efficienc:ea decrease 
with increasing tip epeed for the range of sgeeda run. 
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The relatively smell drop in efficiency from the impeller exit 
to the dfffuserx3.t followed by the large drop from the diffuser 
exit to the outlet-duct measuring station at all speeds (fig. 4) 
indicates.a large energy lose through the collector case as compared 
with the lose through the diffuser. The large collector-case 1083 
is indicative of the excessively high diffuser-exit velocities due 
to insufficient kinetic-energy transformation through the diffuser. 
For exnmle, at en equivalent tip speed of 1169 feet per second, the 
diifusor-atit dynamic pressure was more than 12 inches of-mercury 
or a?groxtiately 800 feet per eecond in velocity, most of which was 
dissipated in the collector case. T1r.e over-all performanoo of the 
supercharger investigated would thus be higher than the data indi- 
ce-te if operated in an actual supercharger Ititallation because a 
suitable scroll would decrease the Jarge momentum loss usually 
obtained when a variable-component supercharger teat rig is used. 

Impeller-exit and diffuner:exit total-pl*easure profiles. - The 
total-pressure distributions at the impeller and diffuser exits are 
given in figures 5 and 6, respectively. Several representative 
volume flows were chosen from close to maximuti f'T& to surge for a 
rrtw>e of equivalent tip speeds from 878 to 1169 feet per second. 
At 1169 feet per second, the curves represent conditions for only 
a small flow range and are consequently closer tog&&r than at the 
other speeds. The impeller-exLt total-pressure grofilea (fig. 5) 
are highly asymmetrical and peak near the diffuser front shroud, 
indicating a concentration of air flow at the front of the difi"aser 
channel. Such asymmetry causes diffuser mixing,loeses that 
adversely affect the performance of the-ocm=ssor. The srofilea 
of the tote1 pressure at the diffuser exit (fig. 6) are noticeably 
more symmetrical and show less variation across-the ~assa,ge than 
those at the impeller exft, which indicates fairly uniform flow 
leaving the diffuser. -. 

Static pressure through impeller and df.ffuser, - The static 
pressures measured at various points along the front shroud of the 
impeller and the diffuser are plotted in flguro 7 a&&sfflow-2~1th 
length. For each t3.n speed, although the static pressure at the 
inlet-duct measuring station was maintained at 22 fO.l. inches of 
mercury absolute, the front-shroud static pressure at the impeller 
entrance decreases as the quentlty of flow Increasea. At the dif- 
fuser exit, the static presswe increases from the point of mextium 
flow to the point of peak efficiency, then decreases with a further 
decrease in equivalent volume flow. The peak. static -pressures nt 
the diffuser exit imeaee with med. 

On the average, amoximately one-third of the over-all 
static-pressurerise from the inlet-ductstatfon to the diffuser 

- 
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exit t,akee place through the diffuser. This relatively Em311 dif- 
fuser static-pressure rise plue the excessively high diffmer-exit 
velocities, which give rise to 'large collector lo8se8, explain the 
reduced peak efficiency of the modified supercharger as comwred 
with that of the standard unit. 

A V-1710-93 engine-&age imsller in GombInation tith a 
constant-area vanelees difmer was tested in a variable-component 
supercharger test rig. The over-all results were compared wit:1 
those obtained from eimilar teeto of the etandard auperchargor. 
The following results w8ro obtained: 

1. At the supercharger volume flow required for rated condi- 
tione of the V-1710-93 en@ne, the modified supercharger increased 
the adiabatic efficiency 0.05 and the pressure coefficient 0.035 
over that of the stantird unit. The improved performance of t'rle 
modified supercharger at rated engine operating condition resulted 
from a shift of the Totit of pak adiabatic efficiency and pree- 
sure coefficient of the etandard supercharger to a higher volume 
flow. 

2. The modified supercharger operated at hLgher capacity 
than the standard unit; the increase was large& at the lowest 
equiva'-ent tip speed at which a cornprison was available 
(972 f-t/E%%). 

3. The peak adiabatic efficiency of the modified superchawer 
wae 0.05 to 0.07 lower and the peak pressure coefficient 0.09 to 
0.11 lower than that of the standard unit. 

4. The impeller and vanelees-tiffuser combination had a max- 
fmum efficiency, excluding collector-ceae losses, of 0.82 at an 
equivalent tip speed of 878.feet per eecond; the maximum impeller 
efficiency was 0.84 at the 8ame equivalent tip epeod. These com- 
ponent efficiencies are baaed on mass-flow-weighted aver-8 of 
the impeller-exit and diffuser-e,xit total peseure8. 

5. A large axial total-pi-esaure variation -e#sted across 
the impeller exit, which led to &Xi% Loseep in the diffuser and 
impaired aupercbarger performance. The f$,oV tended to concentrate 
In the forward wrt of the impeller-exit passage, The tqtal- 
pressure gradient at the d!.ffuser exit was fairly symmetrioal, 
which indicate8 uniform flow leaving the diffuser. 
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6. Alth.ough the energy loss through the diffuser itself was low, 
the diffusion was inadequate as evidenced by the relatively small 
etatic-pressure rise through the diffuser and the higl~ diffuser'-exft 
velocities. These bigh velocities caused larg&m&nentum losses in 
the collector and detrimentally affected over-all perfomance. 
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Figure I. - Drawing of v-1710-93 engine-stage impel let- and constant-‘area vaneless 
diffuser showing instrumentation. 
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